Toward understanding the mechanism of ion transport activity of neuronal uncoupling proteins UCP2, UCP4, and UCP5.
Neuronal uncoupling proteins (UCP2, UCP4, and UCP5) have crucial roles in the function and protection of the central nervous system (CNS). Extensive biochemical studies of UCP2 have provided ample evidence of its participation in proton and anion transport. To date, functional studies of UCP4 and UCP5 are scarce. In this study, we show for the first time that, despite a low level of amino acid sequence identity with the previously characterized UCPs (UCP1-UCP3), UCP4 and UCP5 share their functional properties. Recombinantly expressed in Escherichia coli, UCP2, UCP4, and UCP5 were isolated and reconstituted into liposome systems, where their conformations and ion (proton and chloride) transport properties were examined. All three neuronal UCPs are able to transport protons across lipid membranes with characteristics similar to those of the archetypal protein UCP1, which is activated by fatty acids and inhibited by purine nucleotides. Neuronal UCPs also exhibit transmembrane chloride transport activity. Circular dichroism spectroscopy shows that these three transporters exist in different conformations. In addition, their structures and functions are differentially modulated by the mitochondrial lipid cardiolipin. In total, this study supports the existence of general conformational and ion transport features in neuronal UCPs. On the other hand, it also emphasizes the subtle structural and functional differences between UCPs that could distinguish their physiological roles. Differentiation between structure-function relationships of neuronal UCPs is essential for understanding their physiological functions in the CNS.